The major alkaloids in piper species traded in South Indian markets as the Ayurvedic drug, Pippali, have been studied using a rapid HPLC-based method. Piper longum is the accepted botanical source of Pippali. Bengaluru and Chennai markets contained mixtures of closely related species, Piper peepuloides and Piper sylvaticum. Chemical analysis showed that these samples do not contain the alkaloid piperine present in Piper longum fruits. Market samples from Trissur were identified as Piper longum and piperine was detected as one of the major alkaloids. All the samples contained pellitorine, another alkaloid reported in most peppers of the genus Piper. The two types of Pippali can therefore be easily differentiated on the basis of their HPLC profiles.
PLANT-BASED therapies are a significant component of Ayurvedic medicines. In ancient times, the Ayurvedic physician was well-aware of the source and properties of the medicinal plants being used, as these were mostly obtained from the local ecosystem. Furthermore, the physicians themselves would process the plant(s), prepare and administer the medicine. Hence, the method of sensory analysis was perhaps sufficient to determine the authenticity of the raw and/or processed drug. Today, due to industrialization of Ayurvedic medicine, raw and processed drugs are mostly procured from the market, often without checking the authenticity and quality. This has led to highly variable efficacy and safety of the Ayurvedic drugs due to possible adulteration, substitution, genetic modifications, geographical variations and sometimes incorrect processing of the medicinal plant(s) 1 . The Ayurvedic medicinal plants and their traditional preparations basically contain therapeutically important chemical constituents which are responsible for the biological or pharmacological activity. Thus, comprehensive chemical analysis of the raw drug/formulations is necessary in addition to botanical identification, for the authentication and standardization of Ayurvedic drugs. Identification of the active and/or major chemical compounds together with detailed chemical fingerprints using relevant analytical techniques is imperative to sustain and improve the quality of the traditional Ayurvedic medicines 2 . Pippali is one of the most widely used medicinal plants in Ayurveda and is present in over 300 formulations 3 . The main parts of the plant used are the fruits and the roots. The fruits are primarily implicated in the management of various diseases and associated symptoms of the respiratory tract such as cough, asthma, bronchitis, dysponea and allergies 4 . The plant (fruit) is also recommended for use in rheumatism, diabetes, diseases of the spleen, fevers and as an appetizer 5, 6 . Piper longum L. belonging to the genus Piper (family Piperaceae) is the known and accepted botanical source of this drug 7 . Pippali represents the fruiting spikes and the Pippalimula the roots of the species. In India, the species mostly grows in the wild in tropical and subtropical climates in north eastern region and southern India and also cultivated in different parts of the country. It is normally a creeping and low climbing shrub preferring partially shaded moist areas. The modern pharmacological activities ascribed to P. longum (Pippali) fruits include antimicrobial, antifungal, antiasthmatic, antioxidant, antinflammatory, immunomodulatory action and anticancer 8 . The phytochemical groups reported in the fruits include alkaloids (piperamides and alkamides), lignans, esters, volatile oils and polyphenols 9 . The alkaloids are reported to be the major bioactive components present in the plant with piperine ( Figure 1 ) being identified as the main active secondary metabolite among the alkaloids 10 . Piperine, is also known to primarily contribute to the pungency of the P. longum fruits 11 . This compound has thus also been chosen for quality assessment and standardization purposes by Ayurvedic Pharmacopeia of India and Indian Pharmacopeia 7 . Market samples of Pippali are sometimes different Piper species or even a mixture of two or more *Fresh ripe fruits were collected and dried in an oven at 40C for 48 h. All the market samples which were obtained as dried fruits were further dried in the oven for 6 h prior to storage. species 12 . However, due to morphological similarities and without careful investigation, samples from other species are perhaps mistaken for P. longum L.
Here, we report the observed distinct trend in the content of the major alkaloid(s) in Piper species traded in South Indian markets as the Ayurvedic drug Pippali, using rapid high performance liquid chromatography (HPLC)-based identification and quantitation.
The Pippali (fruits) samples were procured from FRLHT garden, Bengaluru market, Chennai and Trissur markets ( Table 1 ). The fruits collected from the FRLHT garden were authenticated taxonomically as Piper longum by a botanist. The market samples consisting of dried fruits were morphologically studied and authenticated. Among the various samples, the Trissur market samples were identified as purely P. longum. However, those procured from Chennai and Bengaluru markets were not that of P. longum. They were mostly the mixture of P. peepuloides Roxb. and P. sylvaticum Roxb. 13 . The dried fruiting spikes of P. longum appear very similar to that of P. sylvaticum and P. peepulodes, which are therefore often incorrectly identified as the former (for images see Supplementary Information online).
The major objective of this study was to compare the HPLC-based chemical profile and content of the major alkaloids in the different market samples of Pippali. A rapid extraction method using dichloromethane (DCM) as solvent was employed to decrease the total time required to prepare extracts when handling multiple samples 14 . P. longum fruits obtained from the FRLHT garden have been used as an authentic standard for this study. P. nigrum (from Bengaluru market) has been used as an additional control to check for reproducibility of the method. Preliminary screening of phytochemicals done by the method of Raman 15 , indicated the presence of only alkaloids, fats and oils in all the DCM extracts. The HPLC profiles of DCM extracts of the different samples are shown in Figure 2 . The peaks observed at 17.6 and 21.3 min were confirmed to be piperine ( max 340 nm, Figure 1 ) and pellitorine ( max 259 nm, Figure 1 ) respectively, by comparison of the retention time and UV spectra of the respective peaks with standards. The chromatograms were compared at three different wavelengths of 259, 275 and 340 nm. In all three samples from Trissur market (P-T), piperine and pellitorine were the major two alkaloids detected with the DCM extracts of P-T1, P-T2 and P-T3 showing similar profiles. There was over 90% match in the peaks detected. However, the pellitorine content was found to be much higher than the FRLHT garden sample. This is probably an effect of geographical variation. The HPLC chromatograms of Chennai (P-C1, P-C2) and Bengaluru (P-B1, P-B2) samples were similar but distinct differences could be observed when compared to the Trissur samples and the FRLHT garden, P. longum. Piperine was not detected at all within the detection limit of the HPLC method and pellitorine content was relatively higher in the Chennai and Bengaluru market samples. Soxhlet extraction, liquid nitrogen-based freeze-thaw method and maceration also did not yield any piperine from these samples (data not shown). The content of both alkaloids present in the various samples are shown in Table 2 .
The absence of piperine in the Bengaluru and Chennai samples is an interesting result. This is because, piperine has been identified and well-studied as the major bioactive metabolite in P. longum (fruits), the accepted source of Pippali and is also known to be present in most piper species. Selective removal of piperine from powdered fruits of piper species has been reported 16 . However, complete removal from unpulverized fruits is highly improbable, as subjecting these to reflux/sonication/ maceration with solvents for extended time periods, did not result in complete removal of piperine (data not shown). Hence, the variation in the alkaloid profile is probably an effect of genetic variability. Morphological examination has indicated that samples from these locations appear to be predominantly mixtures of fruits of P. peepuloides and P. sylvaticum. There are relatively fewer studies on these plants compared to P. longum. Piperine has been reported in stems and roots and pellitorine has been detected in the crushed seeds of P. sylvaticum 17 . In case of P. peepuloides, absence of piperine and isolation of pellitorine have been earlier reported, but the part of the plant used has not been specified 18 . These observations suggest that P. longum is absent in the Chennai and Bengaluru market samples of Pippali. Also, the fruits of P. peepuloides and P. sylvaticum probably lack piperine but contain pellitorine as the chief alkaloid. Further chemical and biological studies will reveal whether P. peepuloides and P. sylvaticum are adulterants or legitimate substitutes of P. longum.
The Ayurvedic drug Pippali has been botanically correlated to the plant P. longum L. In Bengaluru and Chennai markets, mixtures of Piper species closely related to P. longum are being sold as Pippali. HPLC-based chemical analysis has shown that these samples do not contain piperine, the chief bioactive phyto constituent of P. longum. Pellitorine, another alkaloid reported to be present in many peppers of the genus Piper was detected in all the samples. Therefore, these two market varieties of Pippali can be easily distinguished on the basis of their alkaloid profiles. This study highlights the importance of chemical profiling/analysis of medicinal plant sources along with botanical and DNA fingerprinting for authentication and to prevent adulteration. This study also iterates the immense and continuous need for scientific evaluation and documentation of market samples of plant-based raw drugs and their formulations.
